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5 ^m^m 

10 nmm^ 

mmzjiz^x. mA<Dm^ri^m.f}^^^mmf)-^rDmm\zm^^^t.:fymm\zfsi'D 
tz. cstmi. 2)„ z.(D^^um^(Dm^t.mz. (Dmm<omB^mi\z^ 
fy^T. mm(DX'Drdmm^umEnimm\zm'tm.^mm.mt. mm^f-mm 

^^fe©— ^Ta&-5 Small Fragment Homologous Replacement (SFHR) IE 

-5)0 ^n^xz.(D^m\z^r:>x. mM'&mmM-^m-JT. V uy ^ -fs.E(DU 
20 mm.B.^f-^mm.x^^z.t.tim^-^nx'^rz. (xm^. ?)„ z.(oi^'^\zmm.^ 
nrdm.B~^\^. -sEnm.^hmm.\z::^^(D:fu^-^-<Dmm'rx. mm^p^xm 
m\zmM^M^t.-mm'^x^^. ^rc. z.n^xcDmBi'rmmxumiy^^ii-^ 
tLx^rcmmm'i'\zi^m-^n^^^^mmmn^^^%. mmmizmm • mm-T 
^:iiif)mmx^^o 

25 -':^mmkm}f^m\r^^mB:^mm.-^^hvx\t. it^'^mz^v)^^ 

^:^X3f:n5^:tX-h (:S:m8~10) -^r-O-Me-RNA (3tilil 1-13). 
Idt^LNA aocked nucleic acid) T^lfiiUfe 25—100 mS®— 
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5 MfB® t^fe 0 , sFHR mt.mv^^m.^mm<Dmmiivxmi^x^m'v;^^o v 
10 -^ziXs z:(Dmm(Dmm\^. &.±<Dii:^v)(Dm'm\zm^xf3i-^nr^h<Dx$>^ 



15 -zwt 

: Joos L, Eryusel E and Brutsclie MH. Functional genomics and gene 
microarrays-the use in research and clinical medicine. Swiss Med Wkly. 

2003:133:31-38. 

5:^2 : Ferrari M, Stenirri S, Bonini P, Cremonesi L. Molecular diagnostics 
20 microelectronic microchips. Clin Chem Lab Med. 2003:41:462-467. 

:5:i^3 zKunzelmannK Legendre J-Y, KnoellDL, Escobar LC, Xu Z and Gruenert 
DC. Gene targeting of CFTR DNA in CF epitherial cells. Gene Ther. 
1996;3:859-867. 

5:M4 : Goncz KK, Kunzelmann E Xu Z and Gruenert DC. Targeted replacement 
25 of normal and mutant CFTR seauences in human airway epithelial cells using 
DNA fragments. Hum Mo 1 Genet. 1998:7:1913-1919. 

: Colosimo A, Goncz KK, Novel li G, Dallapiccola B and GruenertDC. 
Targeted correction of a defective selectable marker gene in human 
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epithelial cells by small DM fragments. Mol Ther. 2001;3:178-185. 

:SiM6 : Goncz KK, Colosimo A, Dallapiccola B, Gagne L, Hong K, Novelli G, 

Papahadjopoulos D, SawaT, Schreier E Weiner-Kronish J, Xu Z and GruenertDC. 

Expresion of delta-F508 CFTR in normal mouse lung after site-specific 
5 modification of CFTR seauences by SFHR. Gene Tier. 2001;8:961-965. 

"XM? : Kapsa R, Quigley A, Lynch GS, Steeper K, Romberg AJ Gregorevic P, 

Austin L and Byrne E, In vivo and in vitro correction of the mdx dystrophin 

gene nonsense mutation by short-fragment homologous replacement. Hum Gene 

Ther. 2001:12:629-642. 
10 :ZM.8 : Liu L, Rice MC, Drury M, Cheng S, Gamper H and Kmiec EB. Strand bias 

in tageted gene repair is influenced by transcriptional activity. Mol Cell 

Biol. 2002;22:3852-3863. 

"XMQ : Lin L, Cheng S. van Brabant AJ and Kmiec EB. Rad51p and Rad54p, but 
not Rad52p, elevate gene repair in Saccharomyces cerevisiae directed by 
15 modified sigle-stranded oligonucleotide vectors. Nuclic Acids Res. 
2002;30:2742-2750. 

"X^^l 0 : Brachman EE and Kmiec EB. targeted nucleotide repair of cycl 
mutations in Saccharomyces cerevisiae directed by modified single-stranded 
nucleotides. Genetics. 2003; 163; 5 27-538. 
20 1 : Igoucheva 0, Alexeev V and Yoon K. Targeted gene correction by 

small single-stranded oligonucleotides in mammalian cells. Gene Ther. 
2001:8:391-399. 

"SCMl 2 : Alexeev V, Igoucheva 0 and Yoon K. Simultaneous targeted 
alteration of the tyrosinase and c-kit genes by single-stranded 
25 oligonucleotides. Gene Ther. 2002 ;9:1667-1675. 

'XM.l 3 : Pierce EA, Liu Q. Igoucheva 0, Omarrudin R, Ma E Diamond SL and 
Yoon K Oligonucleotide-directed single base DNA alterations in mouse 
embryonic stem cells. Gene Ther. 2003;10:24-33. 
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4 : Parekh-Olmedo H, Drury M and Kmiec EB. Targeted nucleotide 
exchange in Saccharomyces cerevisiae directed by short oligonucleotides 
containing locked nucleic acids. Chem Biol. 2002;9:1073-1084 

5 mm(Dm^ 

■A^-Ds m^-r^^mM^^t^. -:^mw^mk-fy^^mm-^n^ 300-3.000 

10 TJfe^o 

^<D^imm\z^^^xu. —:^mmkmh-f)K mmmkmm<D'\z:>xmtmm 

5 F DNA r iT2fe D . w^. ^(D 1 ^td<m.wm(Dm.m^mz^'oxmm. 
$ tern 1 mm\:L^n^wi<omimmu. ^m^nmu<Dwm dna wm<d 1 * 

fsi'DX\^^^mm^mmt^r^j^<Dmm-v^'DX. mm dna mm\zmmmx;^r), 
ii^^. ^m--<^m.m^^t^. -^mm^dmib'^^mm-^ti^ 300-3, 000 

z(Dm4mmiz^n^—::>(Dmmmm\t.~:$imm^dm-^^.yr->^^ h dna 

z.(Dmm(Df$ 5 :me5 dna ib^j© 1 ^r:i\t.iimim(DmMmmf)mmii 
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^mr^^mM^-^ts. —:^mm^mK'fy^^mm'^n^ 3oo~3, ooo i^s©— 2^ 

^Uni/H^'arb;^^i57l/:t->F®U>m3:>?.-T';V (dATP. dGTP. dCTP. dTTP) 
^ra. r^mj mm DNA BB^O) 1 ^:^«^|^M<Dm« (A. T, C, G) j5>^ 

1 0 ^n-^nm(DmM\zm^mt>^ ^ t mmmm . mm dna mm<D 1 ^r^\tmm. 
m(Dmm-^^x^'r^r.h mmx^). mm dna mmz 1 ^fc:«mM(75i^s:^t 

20 m-mf)'^'Dmm\zmm'^mx:^^o m^it. mm(Dmm\-t Remington's 

Pharmaceutical Sciences, 18th Edition, ed. A. Gennaro, Mack Publishing Co. , 
Easton, PA, 1990^ Sambrook and Maniatis, in Molecular CIoning-A Laboratory 
Manual, Cold Spring Harbor Laboratory Press, New York, 1989; Ausubel, F. 
E et al. , Current Protocols in Molecular Biology, John Wiley & Sons, New 

25 York, N.Y, 1995 #{c:fB«$nTVi^o ^Biz. ^(Dmmiz^if^bmmnm^m 

\z\t IBPAC-IUB Commission on Biochemical Nomenclature ^^:J:•S%>©"I?a&D^ 

i&^\^^tmm^m\z:^^^xmmm\zmm-^rL^mm(oMmzm-^<%(Dx^^o 
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*m DNA mh'^mmmi)-^?>^mmm'^'^-mf}^f3i<. vib^%%^(D sfhr m^it 
^m^^^o wizm'^ DNA m^i(D-^>:^m\zmm<D—^m dna puf jt^^Mt* s ^ 



m 1 lE^Mcfe cfctj^^MMo HygEGFP m^^^tn^nu^ji^/vrmmy 

HpTENHES*5d:r;CpTENHEX0^^0-efe§„ ElBtl, — 2^M©T>5^ir 
10 >X DNA ©fM-:fe«fct)^-k>X DNA if)4-&#^-r§fe8S>®:7r— H^^^^— 
pBSHES/Anti Sense *5j;tXpBSHES/Sense <^«^llITa&^o 

^2«. mm^^:^^}^ PTENHEX i:— 2^M-fe>X DNA ifM-^Pi^»%i9Jig 

(CHo-Ki mm) izmAvtzm^o^n^i^^^jv^mmv-^mmm^m^xi^^o 

HygEGFP 3ie^^5-2^M DNA M^lC Tf^^^n. EFGP 

15 xm^->^^mi^u^o 

ms\t. H PTENHEX t—:*:^DNA»fM- (fAntiS. fSense). 

^DNAP^M- (dsHES) :feJ;tKPCR (pcrHES) ^mAVTcmmMmmm (CHO-Kl 

20 ■fe>X DNA mh- (fSense) ^#Xbfe:^-^tC, HygEGFP M^fim^-^n. 

m4U. dsHES^ f Ant is. f Sense :fecfctK pcrHES (^^n^n®igj®#A»lc:*3 

EI 5 EGFP mimmi)^ ^mm hninm':^^^^ h j: o mmvrc pgr ^^(d^j 

25 |5S^*PmaCmjt®«^^®l®^^^^bfeo 
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m 1 mm(D:;^m'i. mm dna sb^j iwi^a^ d . -^^-d^ ^m-r^^mm^-^t^. 
5 -^mm^ DNA ^mu-^n^ 3oo~3, ooo dna wih-^mmmzm 

DNAifM-^-J^D r^ll^ttm (homologous replacement) J T^il^itCcfcoT. 

10 ^) s'j®m«^fct±*i»SB^j iwcr mwMMi hmmr^) ^zmm-r^z: 
t^mmhvxi^^^o -^vx. t^e*® sfhr ^yOt-^^m dna iifit (m^^^pcr^ 
m) ^m^^vxtn'en—:^mmkmh'iiv. 'fe>xm^T>^ir>x^©M 
:^^^mmkmmzifm-^-^^(D\zMv. :i(omm(D:&m\'i. — 2^^DNA8ifM-© 

r-2^MDNAP^frj tt, ^miiS&^tr^i&l^^. ^e?jDNABB^Ji^BI^-e^ 
Zl<Dm^<D mm -2^^<D:^e«jDNAfiB^J©ir>X^*5j:t;ST>5^"fe 

>X^©Vi-m/5^— %%&.±. $f ^ U < « 98%i^_h. $ e> U < « 99% 

ijii±. 'tvxmmm\z\tm%m—(Dm^ix^^^h^Mmir^f)K ^e^DNAsa 

:tUd'3?iJ7i/:^5^Foj:-5fC. M*i^/&^3f:X5iNn^:^x— 2'-0-Me-RNA. LNA 
(Locked nucleic acid) T^l^^tlTVi^^V^ DNAifitlfafe^o 
r-2^^DNAifM-oiJ--rXj ti. ^e?;DNAB3^J©S$-t^=^e«J:^«(D^^Jc;iS;C 
25 T. 300~3,000*^»(D^ffl;0^e>S^$n^o M;lt^> 300—500 500—800 
^Sft. 800— 1200 1200— 1700 i^SS. 1700— 2300 ItSS. 2300—3000 

mm DNA BB^jj mmp^ iz^^^ dna ss^-^i&nti^tci^^ n-s © 
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5 (Dmz^^^T^. m^^tm^commmm (MMmm. mmx^. mmmu) (Dm 
^\z\t. mmmkmm'^—:^mmmyr<D'^-(X\zf^v:'X. i^r^\tmm:m (2 
-sommm.) t^^^tfj^x^^m. 9J}m§,<m:mT^rcmz\t. i~io@ 
^j&wsbv^o ^Tc. mm^m<Dm'^\z\t. 2-3 onm.. b^v<\±2^i 0 
nmoym.mfi-^^fsi^mm^mmmt'r^o ^tz—^m dna mh-^z^n^mwm 

10 m<Dim\z\m^<Dmwi\tm^f)^. DNA^M-©*i^^T?«;^vi^:t5&wsuvi„ 

mkmm) x^^^m^. i^^^DNASfm^. mxittiE'^fsi^yAm^'^mkmm 

■^^(D cDNA ^3t^7S:-2^^ DNA m^\t. -^r—i^S. H DNA m) XM 

15 ipsb. mmmiz^vmmhvx. Bm<D^^ii^m<D^^ii\z^m'mmvxi^ 

^Tz. mm^^n&m\zi!)^i^^t> dna ®f j=^^#^ ji ^:)5«-e#So 

Tcccfe. mkm^^mm:-r^:&mtvx\t. um^f^xmrnrnk^mm-r^z^m 

lM:^\t. PGR (Polymerase Chain React ion) MSBN (Nucleic acid seauence 
20 based amplification) TMA (Transcription-mediated amplification) 

:^«^e>nTVi§:^^. :in&(D:^m(Dm^\z\t. mmmk t:mmiz-'^'r^—:$^m 
Mkmyr^mmT^zLh-^mmx^^o m^it?£,i mcDm-^izit. wc^^\z— 

m<Dmmx^mti^mX^n^^tf}^^^nx\^^^ (lakagl M, Nlshloka m. 
Kakihara H, Kitabayashi Iii Inoue E Kawakami E Oka M and Imanaka T. 
25 Characterization of DNA polymerase from Pyrococcus sp. strain KODl and its 
application to PCR, Appl Environ Microbiol. 1997; 63: 4504-45 10) o ^(DJizo 

f3i-:^mwkWTyr\z^n^ r^m^^^j \-^. mx\(-£mmm.B^(Dmmzmm 
vfzm^. lE'^fsimMizmrzfsi^m^mx'r^MJ^i^-^^^r). m^v<:^\^^o * 
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-h (-^mDNA^fm ^mm'r^^t.ti^Tm?> (Drake JW. Comparative rates 
of spontaneous mutation. Nature. 1969; 221: 1132 f)K m^VTci~:$^m. 

DNA m}i^m^-^'^X-:$:m DNA ^M-iL;^^^. -fe>X^<i:T>^ir>XM& 

wmH(DiEn^/2^m.m:mm\z^m^mx'r^z.t.\z^'DX. 

^m^'\&.-msEnm 1 1^^/^^ ^ii\z^'D xit^m:^ u — - ^ ut^m 

15 mmX(Drc^(D) l2^^DNAiffm^. itlK<?)^M#A^^/ h^^^V^^;^?*^, 

-^(Dm^izu. mm^mmhm'^vrzmB^—:$^m dna if>^^^iij^f^gi;is#r 

25 -^Usi^y-A^fCl-^^DNA^M-^^ffibX^^^P^Jc^Af ^ f^UTfe 

^vx. ^<o^m^mzw^t^mmmz—:$im dna p^M-^^xf sij^^t*. 
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75:<. A>5^>h>lim^lc:m6»nsJ:d75: CAG U t!- hlcJ:^S^#A^M 
(McMurray CT. Huntington's disease: new hope for therapeutics. Trends 
Nerosci. 2001;24:S32-S38) hn:7^— CDi^X h uy >c >MBr^iz:^ 

It^S^^^^M (Forrest SM. Cross GS, Speer K Gardner-Medwin D, Bums 
10 J and Davies KE. Preferential deletion of exons in Duchenne and Becker 
muscular dystrophines. Nature. 1987;329:638-640. 19. DenDunnenJT, Bakker 
E, Breteler EG. Pearson PL and van-Ommen GJ. Direct detection of more than 
50a; of the Duchenne muscular dystrophy mutations by field invasion gels. 
Nature. 1987;329:640-642) (DJ:"5fC. m^^m—:$^mdm iZlEmT^^-DM^^mMm 

z.<Dmm(Dm2<Dmm\t. mm^imm(D:^mz^'Di:. =^e«iDNAiB^i©i^ 
rc\tmw^m(D^m^v<\t.^mmmmo:)mmi^r:i\tm.mmm\zmm-^nr:i m 
mi Tfe^o mm(Dmm\z\m'^(Dmm\'ifsi<. izmm. ^^mm(Dmmmm. 
20 mm. MAmm. mmmmmm<Dmimmm^M^tir^ z.iim'^^:^^ zkd^ 
o\zi^^-^nrcmmu. m^\it. ^(Dwrnm^'f-mmzi ^rc\tmw^m(Dm.mm 

\mM^^m^m>iW. mmmmfimm(D in vitro x^j^ u— r:>i5^oD#Mtu 
xmm-^z.h.ffix^^. ^^Tcs /u:t^J7^^-^mm=!i^\z^\^>xmm'r 
25 ^mm\z-z>\^^Xs ■^(Dmmz:idux r^n^-i fsL^mo^mmmm^xm-^iir^rz: 
i^izhmm-r^^iiifi^x^^o 
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T J: < . 25 § V^«-*2^^ DNA ®f>%-^#:|^Jc:#A$ tifcM^. i^P^mmcDimm DNA 

10 

mmm 

*T-r-»wttjtfe^ (Hyg) Lm^^^^yn^m (egfp) jte^®iii'^3t^ 

(HygEGFP) =&^Ab:^:/^X5 F^^Hb. -2^^ DNA 

15 ^^l^fbfeo i-Tit^'fe. ^fi^:/^X^ HTfe^ HygEGFP jt^T©n H 

>34fcj^±^M (Stop: TGA) 3&^*#A$nTVi§:/b8e), iit^l&«^«fflM*5J:tX:^J^ 
m^XsEnU HygEGFP jte^^f^li^-r-S 21 ^5&«T?^75:Vio ^Z.X. 3 H > 34 55^ 
lESM^Ser (TCA) Tab^-:^^DNAff>t (HygEGFP itfe^) ^mm\zmX'r^ 
Z.ii\z^-oX. il®^MHygEGFPjl^^®3H>34^iEl^M® Ser (TCA) \zm 

20 Wr^fj^^-iS^^. /W^J^n^-r-»Btt:feJ:tK EGFP ©m^^-feiiVia 2a^© 

2:nST^®W^{::*5V:»T. ffi|wi75:iH^J^itozi^a)DNA/^>^'^Sf^ffl-r^^. — 

T § ( Kowalczykowski SC. Initiation of genetic recombination and 
25 recombination-dependent replication Trend Biochem Sci. 2000;25:156-165 ; 
Baumann P, Bensen FE and West SC. Human Rad51 protein promotes ATP-dependent 
homologous pairing and strand transfer reactions in vitro. Cell. 

1996;87:757-766. )o ^^1-^. ms.^<Dmm\z^nt.mu\yrz.^m.mm^^ 
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-z^^ H DNA trMViTM4^-2^^DNA ^muv. ^n^mmmmxmx)mvx— 

:^mWkmh-tVrz%<D asense. fAntiS) ^mmhtco 

5 itmzm\^^^=^m dna mmt. pgr ^j: d io^m-(DiBm-^ ^^o;^ 

(Drake JW. Nature. 1969:221:11329) xmM-^nr^^^T.^ Y^^V). 

mmmm^m\^^x^:^m. dna m¥r^mm\^. cn^«tt$-t±fcfe© (dsHEs) 

(1) 

10 (1-1) :/^X^H:feJ;tK:7T'->^5H 

pHygEGFP (CLONTECH Laboratories Inc. , CA) <D KpnI-Sall Wrh-^. pALTER-1 
(Promega Corp. , WI)cD|^D0JRB#miH5^^^Ab7tpALHEfcMb, Altered Sites 
II in vitro Mutagenesis System (Promega Corp. ,WI) ^ffll/^X^fe#Mfi?Ji^M 
M-ARf^^ff-DTco —mB<DKBX}'t:tV^y^^^U:t^]^ Xho 
15 (5'-cggcacctcgagcacgcggat-3' : SEQ ID No. 1) ^fflV^TXhoI glS^^^Ab;^ 
(pALHEX)o ^(Dii^u H> 195 \t Val Glu ^mfT^i)^. il^^^SSiS 
<Dmm\Z\tmmVf3iti^-orco —mUo^^f^Xl-^. iESHygEGFP31W®n H>34 
fcljie^T — — PmaCI BB^S. :^ U 5? ^7 v pj- 5^ H Silent 
(5'-gcgaagaatcacgtgctttca-3' : SEQ ID No. 2) ^fflV^T^XUife (pALHEXP)o 
20 ^SJcpALHEXPtd^U nH> 341c: opal ^M^^At-§fe8e>{c:. :t-U:^p?i^W 
H Opal (5'-ggcgaagaatgacgtgctttc-3' :SEQ ID No. 3) ^m^^fz. (pALHEXB)o 

D \z^mm. HygEGFP t bT BmgBI gPfe?{)^*^A^n^o ^ti^ 

n® HygEGFP jie^®SB^Jtl>--i^X>XSjiSfc: J:oT?i^Ufe„ pALHEXP :fe J; 
25 ZS pALHEXB j; X) BamHI-Sall m }i ^ m M \^ . NXB U>^ — 
(Upper:5'-catggcgatcctcga-3' : SEQ ID No. 4, Lower: 5'-gatctcgaggatcgc-3' : 
SEQ ID No. 5) ^m^^X. pTriEx-3Neo (Novagen. WI) <D CMV ^U^—^—^Jz 
•a^ T7 :/a^-^-<DTmz^^'r^ Ncol-Xhol g^fi^SXUfe (pTENHES, 
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pTENHEx. 0iA)o 2:cT#e>n;^y'^x5 Hts. :kmM^^zf:immMm(omm 

tffimm^nrco ;ine»®y^X^ }^^-Xmmm-^a t^^tC^XU.EndofreeMega 
Kit (QIAGEN, CA) ^fflV^TiiMbfeo 
5 y T-z^^ HH. pTENHES (D Xhol ^Jt^ pBluescript II SK+CO Xhol ^-fifctd^ 

A-r^^tiz^-oxn^nrc (^ib)o 3:njcj:oT#e»n§ pbshesx 

AntiSense *3j;r;^pBSHES/Sense ti. ^ti^^n Xhol ©fM-©[^#;&t pBluescript II 
SK+ (Stratagene, CA) <D fl ori \zMVm(0)^^\zmA-^n. Z.(DyT—i^^\^ 
75^e>#6ns-2^^Jl^ DNA ^ti^tl hHygEGFP jt^OT >^'fe>XBB^J 

10 ^fM-^yxmrn^^/uxv^^o ^n^n(DmA-:^mummmm Naei 

PmaCI \Z^-oXmmvrc. ^n^(Dyr—>^^ JMlOS^fC^AU. SOMg/ml 
®T>t!v'U >^^t^ 2XYT ^:«fe-e— 5iiil ^ 500ml OD 2XYT 

(soMg/mi Amp) ic^b. <^#b3^5&te» sTrT^^bj^o immmz 

25/ig/inl t:^§J:"5:^;:^-T-rv'>^m. ^r;^^it«§mt> 23 BtPem 
15 il (2. ISXlO^g. 155» l;rctoT:7T-S^^;^M«a::$)-^b7ho -h?f{C-^^n^ 
:7r— TSml ® 20%PEG60O0/2. SMNaCl ^^^m. — ^ 4'Ctc:#SUfeo 

(18.8xi0^g. 20^) \z^r), :7r~>^§tfcj^$^3^^. 20ml ©0. 3 M 
AcONa/lmM EDTA tdll^b. ya^y—)V. ya^/—)\^X'^Uuy:t)VJ^ (1/1)^ 
^uuyrtJVJ^lz^'oX. m^—^^mnm^mUVrco DNA^I^Jc25ml EtOH^ 

20 m^\z ^mBmvnLm:. m^t^^miz^^xt^m-^'^t. soo^i oDH^or:! 
(1-2) m}^(Dmm 

pTENHES 1 Atg ^;^c 0 2. 5 U <D0J|©^^ Xhol xmith. 606bp CDifM-^ 3. 5%{£ 

25 oTIHiKU}^.. Sfc— ^^^t^i^pBSHES/AntiSense^ScktXpBSHES/Sense Ipmol 
(llixg) tC*M.5U©XhoI — 2^Ma:l^m©#f^{Cj:;oT, 606iit CD©t 

M-^miKUfeo ^^^-^^^DNA^MIS^mMaT^. Xhol IfK^Mia^— 2^^i:T 
^fcitb. pBSHES/AntiSense <D 5 ' :fecJ;tJ?3 ' Xhol ^'Kfc^aim?^;?^ U 
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1/ :t 5^ F AS5' (5' -cccccctcgagatcccc-3' : SEQ ID No. 6 ) j; XS AS3' 
(5'-cggcacctcgaggtcgac-3' : SEQ ID No. 7), ^fe pBSHES/Sense ® 5' J:!)? 

S'-dJci^U S5' ( 5' -cccccctcgaggtgccg-3' : SEQ ID No. 8) S3' 
(5'-ggggctctcgaggtcgac-3' : SEQ ID No. 9) ^4^— ^^^ici^b 5^;i/^». 

5 mmK)^mm\zM^rco 

mi^-^ntcmmt. ^n^n^/*;i/5ig (naps columns, Amersham Biosciences 
Ltd., Buckinghamshire, England) lc=fc O^M^ff V^. WM^^ AzsoX A^iof)^ I. % 

^mr^\'^ AO tig t bT^ffi Vfzo 

10 (1-3) m^mx 

3t^^SASliS<^HtB }c.4ml (D 10%FBS ^^tJD'MEM/F12(Invitrogen Corp. , 
Carlsbad, CA)ft'lcll^bfe3XlO«®CHO-Kl$fflJiS^6-cmx-r z^:x\zm^.ZTC. 
5%C02#HmTlc::feViT:^*Ufeo $>&i()^Vtbm^^mm mx:. S^^^O'C^ 
5 ^m) -^"^Tc 2. 5. 5. lOnmol (^n^n 0. 47. 0. 94. 1. 9/zg) DNA 
1 5 ^rc\^ lOnmol (3. Bug) (D-2^m DNA (d. 72 m g © PLUS UM (Invi trogen Corp. , 
Carlsbad, CA) ^-^tJ 149^1 ©D'MEM/F 12. 25fmol (125ng) ©pTENHEX 

^■mxrco -^^JiZs n/y it<Dm\^^timBr?mm.^m\z±^f3imm^m^T^iif)^ 

^-^^nxv^^ (Sangiuolo F, Bruscia E, Serafino A, Nardone AM, Bonifazi 
E, Lais M, Gruenert DC and Novell! G. In vitro correction of cystic fibrosis 
20 epitherial cell lines by small fragment homologous replacement (SFHR) 
techniaue. BMC Med Genet. 2002;3:8) Tab. t"'^T(D1^>:7^;VJc:feViTDNA» 
mAiig) LfSi^^t). Amp ]!ift3t^^^^S75:V^ pALTER-Ex2 (Promega 

corp.,wi) ^mmm^Tcio zin^ 20 ^m^mzwcmi^t::^. Udg © 

LipofectAMINEti^ (Invi trogen Corp. . Carlsbad, CA) ^-^liy 141^1 CO D' MEM 

25 /F12 B\z20'^m^mzmw:VMm\zmm'r^mm\z 250/z i ©d'mem 

/F12 ^Jn^feo mm-t 4ml (D D'MEM/F12 -^^-oTc^. 2ml 00 D'MEM/F12 \zm 

-f >^n.^-hUfeo 6 mm^. KJiS^^^ 4ml <D 10%FBS ^-^tJ D'MEM/F12 
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V. Iml PBS Tgfeo Tc^. ^'b'^miz^ D mm^M^T:!. Zin^mtiKD TEG(2 SidM 
Tris-HCK lOmM EDTA. SOiuM Glc. pH8. 0) Jci^Mb. 200m 1 ® 0. 2N NaOHXl% 

SDS ^uw^m^^fj^izmwvTzm. ^u\z 5 ^mMcmvr^o ^ e. jcisom 1 © sm aconh4 

Zf^:^ 5 F DNA ^m^VTco >^^X ^ H DNA « 20 /a 1 cD YL^O \zmmv. - 20X2 \Z 

(1-4) mmi^mmjimcomm 

mBf)^ & 1. 4ml O LB DH-5 a 1 ^>^yv^f^ 0 125 ja 1 
10 D 12. 5ml ©ffli:^ LB $ 4 ^K^«Ufeo:^mm« 7. 5, K 0. 2ml 

®?^H20-e^#b. ftmtc^ IOOmI i:75:^<^'5i^H20 ^Jn^. SS5S^$ii:;^o 
^:n&4Ml ©PDNA a^^fcO. l-cm^^^;/y©^a.^>;/ h^^b, GenePulser II 
(Bio-Rad laboratories inc. CA) ^ffiV^T. 4*0. 1. 8kV, 25AtF. 200Q CD^# 
T?Xl/57fn3i?l^— v-a^^ffoi/bo }«?£^Ab;feDH-5 a 1ml SOC 

1 5 ^JfiT 1 nn'^mx^t:.^. 50 /X g/ml Amp LB ^ifilC^IRb. — Bfe;@*U;?c:o 
2:®a:^DH-5a LB 3D--^{c:j:oTXl/i5' 

ntzL DH-5 a $m'i>^SiJci;'pTIlIiRU. 100/^1 ® TEG \znwm\^f^. Z.^\z 
200Ml®0.2NNaOH/l% SDS^m®4'd^{cm#bfe^.$e.JCl50Ml Sol III 

20 (3M@^m:^u^7A. n.5%i^m) ^jo;^. %JL\z5^^wm.\^fz.. ^>h^mx^fz. 

±m^yx.^-)VX^auy^)VJ:, (1/1) T^au. :J^^y-)Vttm\zj;:tD':f 
HDNA&HfiKb^o ::n^ 20Atl ©H^O ^©^-^ 1-2m 1 ^;>c 

MmBL21 (DE3) m^JiU^ hajj^lz-v-a >(C D^Abfeo DH-5 a 

^mucDmrnz^-DX. bl2i (des) '^oj^s^m^ffo:^. 

25 mmmM^. Iml ® SOC :^:Hfi&iJP^. 37'C"e 1 ^r^li^^b;^^. ^® 50/i 1 ^ 
i D 50 g/ml Amp 10 /iM IPTG ^^ts 1ml 00 LB mM'V ZlX^s 3 NfPb1^« 

u;^o mM<D—u^ i-iomnuvrch(D^ 75Mg/mi /w :jfn-7-r>^ 

>BmiMl^m'^^M (Hyg75 : 50Mg/ml Amp> 10 mM IPTG) 'v, 100- 1000 
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WiVnih(D^.;\^ ^a-T^ >'> B ^^^f3i\^^ LB *5^:©m(HygO:50/Ag/iiil Amp. 

iomm iptg) ^n^nrnm-r-om^. 37'CT-r>^a.^-hbfe„ 12-24 

nnn— FLA2000G (FUJI PHOTO FILM Co., Ltd., Kanagawa. Japan) ^m^^ 
5 T^WU. EGFP (D^^ (Ex. 473m Em. 520iim) ^^f^nnn— ^^^:fe„ HygO 
T# snfen u-—W(.^^\z. Hyg75 T# e»n;/t EGFP ODm^^SSffin n ^ 

(1-5) m^^M^mm 

Hyg75 P'V— h_tlc#e.nfe EGFP ^nnn— ^Vi<"Q;&^MtK. 

10 20mi ® H20 izmrnvTz.^. nxz-vs^m. mmm^n^tco mm<D^m^mi^ 

^M't-^m\z^^^Uy hib, ±m 2ul ^mmhVX. rlaa DNA polymerase 
(TOYOBO Co. . Ltd. . Osaka. Japan) ^^V^T PCR ^ffo;^o ^KD^^zfy^"^ 

— iiVX. T7pro (5'-taatacgactcactataggg-3' : SEQ ID No. 10) :feJ:tJ? HET7 
(5'-atcgcctcgctccagtcaat-3' : SEQ ID No. 11) ^m\^^Tco Z.:iX%^nr^?CR 
1 5 Mm-i. $ e> {CiE^M HygEGFP a^^V— Tfe^ PmaCI mm^iS^ZSm PRI SM 

BigDyeTeminator v3. 1 Cycle Seauencing Kit (Applied Biosystems, Foster City, 

CA) ^m^^rcz^—^:i^>>'>-ifKm\zm\r^rco 

(2) Mm 

(2-1) mBi^mm.Km<Dwmm 

20 pTENHES:fej;tXpTENHEX (ill A) ^n^niESMx HygEGFP jt^ 

^5&^M^j2.*nT:feO. ^n^n®3H> 34 taSer (TCA: PmaCI), Stop (TGA : 
BmgBI) T^^o ^Tc. -'2^M^#fi^t"^;^esS)®:7r— F^i^^^— pBSHES/ 
AntiSense :feJ:t;^^pBSHEX/Sense (0 1 B) pTENHES ^ Xhol ^SbT#6) tl 
:feiE^ HygEGFP ]*^®-«^m^52wSnT*3D, M^K-^^HtJ^iofei:^, ^ 

pTENHES :feckt;^— 2^mii5l^pBSHES/AntiSense. pBSHES/Sense ^ Xhol ^3g 
bT#Sn;^DNA^M-^. ^^^n^tldsHES, fAntiS, f Sense trnWCT^. 
mmzf^7.5. F pTENHEX dsHES, f AntiS, f Sense t^fd CHO-Kl MJi^^^A 

16 



wo 2005/075657 PCT/JP2005/001991 

^zs±mmp^T<DmM<Drci^<D n zfu^—^—},z^^x. ^mm HygEGFP 
^)&^^BB$nTi.i^fe8e>. mu^mfi'^^^vrc^^mmmfi-^^ egfp ommm 

(2-2) mBr?mm.Rm 

cHo-Ki mmz. xhoi 5aaLT#?>nfe dm wrh-hmz. mmx^^ ptenhex 

^^Abfeo dsHES ta— 2^Ml:ab§7tJ?). ^in^TOD SFHRiSiil^m. 

iifi^'v^At- SitMlrii^'l^bifec f Ant iS ^^i:^ f Sense DNA T 

10 :a^F*g^^:P5i^^#. ^j'fc dsHES i:JttS^^ff 5fe8e)JC, dsHES il^ 

mmmvmmvr:!^^^. cho-ki mp«gT^«$n;^ HygECFP mB^i!)mmvx 
\^>^(Df)m^^nrc (ei2)„ 2:ne.cDMJisj;o::^^x5H^iiiiKu bl2i (de3) 

15 n-- (H3) ^5tMb. m^mmhm^w^mvrco piENHExtc^u 400^0 

t;VJt(c*B^f -5 lOnmol © DNA ©fit^^SUi^ii^. DNA ifjtl?i&S 

^nizM}^. —:$^mmkm}nX$>^ f AntiS dsHES ^m^^M^i^^u^jjm 
i1;i^^f3if)^-^r^%<D(D (0.15%). f Sense ^MabTfe:®-^. 2. 0%^:^^^. dsHES 

20 \zMvxm5mm\^^m^mm.%m^^vr:i (04)„ 

^(DM^lzJiZ'DXm&nrc egfp ^tenn-— ^VK-^y&^i^r)?. -eojl^^lH 
^J^MRS^* PmaCI (05) *5cfcl^>-^x>-»^f^lS; (1116) ^z^-DXmm 
Vr^o ^(D^^s 3 H> 34 Jd^Jlt'S Stop jO^S Ser (TGA-^TCA) ^(>DS2^J^ia/&t 

^JgM-e^MU;^ pTENHEX (iiF> 34 \zm±mm (Stop: TGA) &#Abfe 
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HygEGFP jt^S^Wf^^^^X^ F DNA) Jci^bT. PGR jStJ&MV^fetJgJlS® 

SFHR m^m\ mm HygECF? m.^<Dm^m^mmm t. wmzmn^tzL. 

PCRjg^f (pcrHES) OT®:/^-r-7— 1 ,h TaQ#U^^— if (To7obo^f:M) 
^^rav^TJi'l'IL. 3' Blunting High Kit (Toyobo ftM) }c:<fc D 
^iSM® dsHES trnmcX^-X 3. 5%<£B!li^T;j?fn— xm^^ftlziJ: 

• :7^^-fT— 1 : 5' -gagatccccggagccg-3* (SEQ ID No. 10) 

• 2 : 5'-gaggtgccggacttcgg-3' (SEQ ID No. 11) 

mrn^. 03:fej:tK®4lC^b}^t:fet)T2b§o PGR (pcrHES) t*. — * 
^•fe>XDNAJIf>i- (fSense) tifc^^bTilBJiSo/W^n'T-rs^^B W-fe^^K^M 
#^:^/^)>'IS< (03). ^m»t^O. 16%Tfeofco ^©TOdsHES (D^^^ 

(0.43%) ©^^J^OTT^feO. Sfe. — 2^M'fe>XDNA^M- (f Sense) <OWmi 
^ (2. 0%) <D 10 :Ji'(>D 1 OTT25^feo 
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1 . mmn(Dmm dna mm<D i ^rz.\t.mmm<DmM^mm-r^:^m^^'DX. 

5 mn^n^ 3oo~3. ooo mM(D—:^m dna mh-^mmmzmxr^ ^: .h^#i^<fc 
f § DNA mm<Dmmmm^mo 

2. -2^m^4>iDNA7&t, yr~z^^]^mki:h^mmmi(D-^m„ 

3. -2^mDNAif>i-;&^\ umdmmm(o±>xmiimm'v$>^mimi^rc\-t 

10 4. iBJiS|:^(^>M6?lDNABa^j7&t, -e® 1 *fe«mi^fi(DJtSlc:ctoT^a(DMH 
ii^oTVi^ DNASa^JTfe^^^:® 1 :^^6> 3 (DVi-rn;d^®>^^„ 

5 . ;^#f#:|^mcDge«J DNA SHMCD 1 *fe«mic«(DigS&^mt-^i*^:® 1 

6 . W^:® 1 5 (DViTn^>©;&^{Ccfc o T. DNA IB^J® 1 ^fziUmmi 

^-r^;^s5©^^jTa&oT, mmdmrnmizmmm-v^^r)^ ^^^^ ^m-r^^m. 
M^^ti. -':^mm^ DNA ;&^siai4$n§ 3oo~3. ooo mM(D—i^m dna ^tM-jJ/^' 

9 . -':^mm^ DNA yy-i^^ H DNA 8 (Dmmmm. 

10. DNASH^j© 1 ^rc\tmwcm(D^mo:)mm^mmtf3:-Dx^^^mm^ 

^:&&i?afeoT. ^fi9DNAga^jfc^B:^e«n?^0. ^iif'^^iiS^ 

^t^s —:^mm^ DNA sMM^ns 3oo~3. 000 m.m(D-':^m dna ©tm-^j^j® 

1 1 . -:^mm^ DNA yO^\ y-v'^ H DNA x$>^m^m 1 0 (Dmm:^mo 
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5' 



HygEGFP gene 

Pt7 (1739 bp) '"^^ neogene 




T7pro prim er 

^ I_| 

K 559 bp- 



. 606 bp- 



J><77o! primer 



-323 bp- 



LSEGEES'*RAFSFD 
— CTCTCGGAGGGCGAAGAAI£ACGTGCTTTCAGCTTCGAT- 
— GAGAGCCTCCCGCTTCTTA 6TGCACG AAAGTCGAAGCTA- 

PmaC\ 

L S E G E E X" 
— CTCTCGGAGGGCGAAGAAIGACGTGCTTTCAGCTTCGAT- 
•— GAGAGCCTCCCGCTTCTTACTGCACGAAAGTCGAAGCTA- 



pTENHES 



pTENHEX 



127 bp 



8K- 



479 bp 



B. 



822 bp 




JELSd. 



1 T7-> 



pBSHES/AntiSense 



n 



ori 



3 



JKZ. 



i T7-» 



JOol 



pBSHES/Sense 



f-T3 

II M K 
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m 3 



pcrHES 


* 


fAntIS 

* ' 


fSen^e 

.. ' ; V^j^•. V■'^1-t;^/v'<■S■ 
■ * ■ ^ ■ ' 
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3^ 



u 

C 2 
CP 

2 

C 



o 
o 



0 

pTENHEX 
fAntiS 
fSense 
dsHES 
pcrHES 




11111 
0 100 20O 400 0 



1 
0 



1 
0 



1 
0 



1 
0 
0 



0 0 0 0 100 200 400 0 

0 0 0 0 0 0 0 400 0 

000 00000 400 
Relative molar amount of DNA 
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m 5 




882 bp 
559 bp 

323 bp 
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m 6 



6 6C <1 A A6A AT 6 ACS.TSC T TT C 

^ S34X ^ 



GGC G AAG AATCACG TGCT TTC 




GGCGAAGAATCACGTGCT TTC 
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<110> Japan Science and Technology Agency 

<120> A Method of Base Modification for DNA Seauence 

<130> 05F003PCT 

<150> IP 2004-34019 

<151> 2004-02-10 

<160> 11 

<170> Patent In version 3. 1 

<210> 1 

<211> 21 

<212> DNA 

<213> Artificia 

<220> 

<223> Description of artificial seauence: Synthetic oligonucleotide 

<400> 1 

cggcacctcg agcacgcgga t 21 

<210> 2 

<211> 21 
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<212> DNA 
<213> Artificia 



<220> 

<223> Description of artificial sequence: Synthetic oligonucleotide 
<400> 2 

gcgaagaatc acgtgctttc a 21 



<210> 3 

<211> 21 

<212> DNA 

<213> Artificia 

<220> 

<223> Description of artificial sequence: Synthetic oligonucleotide 

<400> 3 

ggcgaagaat gacgtgcttt c 21 



<210> 4 

<211> 15 

<212> DNA 

<213> Artificia 

<220> 

<223> Description of artificial sequence: Synthetic oligonucleotide 

<400> 4 
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catggcgatc ctcga 
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15 



<210> 5 

<211> 15 

<212> DNA 

<213> Artificia 

<220> 

<223> Description of artificial seQuence: Synthetic oligonucleotide 

<400> 5 

gatctcgagg atcgc 15 



<210> 6 

<211> 17 

<212> DNA 

<213> Artificia 

<220> 

<223> Description of artificial sequence: Synthietic oligonucleotide 

<400> 6 

cccccctcga gatcccc 17 



<210> 7 
<211> 18 
<212> DNA 
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<213> Artificia 
<220> 

<223> Description of artificial seauence: 
<400> 7 

cggcacctcg aggtcgac 

<210> 8 

<211> 17 

<212> DNA 

<213> Artificia 

<220> 

<223> Description of artificial seauence: 
<400> 8 

cccccctcga ggtgccg 

<210> 9 

<211> 18 

<212> DNA 

<213> Artificia 

<220> 

<223> Description of artificial seauence: 
<400> 9 

ggggctctcg aggtcgac 
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Synthetic oligonucleotide 
18 



Synthetic oligonucleotide 
17 



Synthetic oligonucleotide 
18 
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<210> 10 

<211> 16 

<212> DNA 

<213> Artificia 

<220> 

<223> Description of artificial seauence: Synthetic oligonucleotide 

<400> 10 

gagatccccg gagccg 16 



<210> 11 

<211> 17 

<212> DNA 

<213> Artificia 

<220> 

<223> Description of artificial seauence: Synthetic oligonucleotide 

<400> 11 

gaggtgccgg acttcgg 17 
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